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ABSTRACT |
~ The eﬁ'ects of gender math achievement and ethmcny on attrtudes toward
mathematics were exammed by use of an inventory called Attltudes Toward Mathematlcs
' Instrument (ATMI) The mventory was completed by 545 students ata college prepa.ratory
bilingual school in Mex1co City and data were analyzed usmg a multivanate factonal model
with four factors-of Math A_ttitude as dependent vanables ‘(self-oonﬁdence, _va‘lue, motlvatlon,
and enjoyment of mathematics) and three independ_ent’var_iables, gender, math achie\iement,
and ethnicity. Multivariate analy_sis of variance was performed. I'lhere ws an overall |
_ significant effect of gender on two of the tv‘actors"of ATML Male students scored higher than
. female students on self-confidence and value. Letter gradé was signiﬁcant with A students
scoring higher than others on all four factors of the ATMI A similar relationship of letter
grade to factors was found in the hierarchy from B through F students. Failmg students were
lowest on self-conﬁdence, motivation, value, enjoyment. There was an _overall 'signiticant
effect for ethnicity on three factors. Mexican students scored signjﬁCantly higher than
Amencan students on self-confidence, value, and enJoyment Students with dual citizenship,
‘where students had one American parent, scored h1gher than Americans on value of

"mathematics.
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‘Effect of Gender, Achievement in Mathematics, and Ethnicity

on Attit'u_des Toward MathématiCS_

_ I#tfoduétion -

~ As the modern sbciéty hés bécgme iﬁcreasingly, dépgndent ﬁpbn technoio gy, sc’ién_ée, ’
and research, ni;lthematics has become critical in the prebatation of students for future careers
) and' for the security and progress_. of thé nation.. Th.erei hasbeen considerable concern about
mathenﬁ_atics instl_'uctidn since the "Space Race" of the 19305, a concern has only increa_sed in
the last dECade as we hav.e. entered a new technological agé. Mathgmaﬁcs is contirluously
developing and becoming ever more specialized, which makes it more difficult to develop a
curriculumfhai includes rﬁore students in K-12 educél.tion. Odmplicating this is disagreement
‘about methodology across content domains, with some maintaiﬁing. that content disciplines
are unique and that _teaching strategies must also be unique. The opposite view is that
universal methods exist regardless of the content domam (Reigeluth, 1987). However, the |
" most predomjgﬁpt approach in recent y'eaf's, regardless Qf theoretical orientation of curriculum
designers, is an emphasié on authentic or "real-world" applications. This is further
complicated by professional disputes over COﬁsu'ﬁctivism versus direct instruction.

Today, classroom instruction is often a mixture .of Skiﬁnerian behaviorism and
Piagetian or Vygotskyian epistemology influenced by postmodern and connectionist theories
(Collins & Dﬁguid, 1989; Bednar, Cunningham, Duﬁ‘y’,‘"& Perry, 1991; Shepard, 1991;
Hlynka & Belland, 1991; Clancey; .1 992). The ﬁational standards for mathematics are

predicated on the belief that students should engage in math activities that are relevant to daily
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living; However many educators and school patrons see this asa culmination rather than
' 'somethmg mtrmsrc to math mstruction. In recent years we have learned that children do not
_ srmply'mternahze what teachers tell them in classrooms. Students attempt to make sense of _
new mformation based on meanings they personally construct And fundamental to all of thrs
is the students attitudes about mathematics i
| ~ Research shows that attltudes toward rmathema'tics are extremely important inthe:
achievement and participation of students in m_athematics (Shashaani, 1995). Gallagher and
De Lisi (1594) showed a positive relationship between p_erformance on standardized
mathematics tests and :positive attitudes toward mathematics. Attitudes can predict final
mathematics course grade and are c(’)rrelated with continuation in advanced mathematics
coursesonce enrollment becomes optional (Thorndike-Christ,_ 1991).
Due to the social context and other intervening variables, differences in attitudes exist
by gender, ethnicity, cultural background, and instructional methods (Murphy & Ross, 1990;
Hollowell & Duch 1991; Huang, 1993; Leder, 1994). Recognizing the importance of
attitudes, there is an increasing_awareness of the need to examine attitudes and consider |
possible methods of intervention. The development of a positive attitude toward subject
matter is probably one of the most prevalént educational goals.
— Previous Research
Math anxiety is directly related to previous school mathematics performance as well as
the attitudes developed during those prior mathematical experiences (Hauge, 1991).
Terwilliger and Titus (1995) reported attitudes are inversely related to math anxiety. Nearly
as many students who decide to major in science, mathematics, or engineering after their

sophomore year of college as high school sophomores with similar intentions, indicating that
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attrtudes can be affected (Hoffer, 1993) Itis clear that knowledge about the 1mportance of
math is xmportant, as reported in The Longltudmal Study of American Youth (1991), which
showcd that 28 percent of all seniors who were not enrolled ina mathematlcs or science
course did not beheve advanced mathematlcs was requlred for their ﬁJture plans. Of the 12"’
grade students who planned to become screntlsts less than two-thlrds believed they needed
speclﬁc advanced mathematlcs in h1gh school. Among g™ -grade students, 57 percent sa1d
they looked forward to mathematlcs clas_ses; 90 percent believed mathematics to be important
to their futures. |

N Self-conﬁdence or self-eﬂicacy 1sl a good pred1ctor of success in mathematlcs
(Goolsby, 1988; Randhawa et al. 1993)) Changes at the aﬁ'ectlve and achievement levels
have more effect on participation in mathematlcs that those aimed at cognitive levels (Linn &
Hyde, 1989). Clearly, the support and actions of parents and teachers are critical in shaping
attitudes (Kenschaft, 1991; Dossey, 1992; Chang, 1990 |

Attitudes toward mathematlcs may be related to achievement and ability in
mathematics but not to ter_nperame_nt or other personality variables (Dwyer, 1993). Teachers’
attitudes are signit'tcantly related to student attitudes but not to achievement, but the effect of
teachers' attitudes on students' attitudes is cumulative. Students make higher achievement
gains if they bad a sequence of 3 teachers with favorable attitudes towards mathematics.

The cultural context is important in creating gender differences (American Association
of University Women, 1992; Hanson, 1992; Gill, 1994). Students stereotype careers by
gender and consider science professions to be for males however neither boys nor girls are
aware of the importance of math and science in careers (Pettltt 1995.). Stipek and Granlinski

(l991) found that girls tend to believe that females are inferior in math and that poor
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performance is because of a lack of ab111ty instead of lack of effort While tlle literature

"+ shows that attitudes toward mathematlcs are important, there is a paucrty of research about the

different 'factors that m_ﬂuence the attitudes toward mathematics or an understanding of how -
and whyithey cliange over tlme ; o

N Method
Subjects ct

The sub_]ects were 545 high school students from a private, brlmgual college
preparatory school in Mex1co City, Mexico, accredited by The Southem Association of
| Colleges and Schools The high school has approx1mately 720 students each grade has
approximately 180 students. The students are bilingual, speaking English and Spamsh. The
school population consists of Mexicans, Mexican-American (born in Mexico with at least one
American parent), Americans (children with parents working for international companies of
for the United States Embassy), and other nationalities (children with parents working_for
international companies or different embassies). Most of the students were from high-income
families. Three hundred two subjects were boys and 243 subjects were girls from all four
| grades £9-12) of high school. The subjects were enrolled in classes conducted by seven
mathematics high school teachers. Only students taking mathernatics were included in the
sample. Intact classes were used in the_ sample.

Of the 302 boys, 58 were freshmen', 99 were sophomores, 98 were juniors, and 43
were seniors in high school. Four of the boys were in 8™ grade but were taking mathematics
classes in-the high school. Fifty-one percent of the boys were Mexican, 13% were American,
15% had dual citizenship (having one American parent), 7% were from Latin American

. countries, 2% were Europeans, 6% were Asian, and 5% reported other nationalities. Four of
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the béys did _not 4r,epbr.t their ethnic background. Of the 243 gxrls,7 7 were ﬁ'eshme._h,. 54 were
soph'o_mores,‘ 70 were jun'io;s_, and 41 were seniors in high school. One girl was in 8" grade.

Fifty-three percent of the girls were Mexican, 16% were Ame'riéa_h, 13% had dual citizenship

* (having one American parent), 7% were from Latin American countries, 1% were Europeans, .

4% were | Asmn, and 4% reported other nationalities. Two of the girls did not report their

| ethnic Backgroﬁnd.

Mate_ﬁals o |

_ The ‘_Att-itudes Toward Matltématics Inventory (ATMI) is é 40-item scale. The items
were constructed usmg a Likert-format scale of ﬁt'e alternatives for the 'reSponses with
anchors of 1.: strongly disagree, 2: disagree, 3: neutral, 4: agree, and 5: 'strongly agree. Eleven

items of this instrument were reversed items. These items were given the appropriate value

. for the data analysis. The score was the sum of the ratings.

A Stud_eht’s Demographic Questionnaire was also used. Thls questiohnaire consisted
of ﬁve questions. The putpose of these questions was for identifying the gender, grade level,
current grade in mathematics, and nationality-etht:ic background of the student.

Progedltre | |

~ The mathematics teachers administered the ATMI and the Student’s Demographic
Questionnaire to the subjects during their classes. Directiéns were provided in tvritten form,
and students recorded their responses on computer scannable answer sheets.
Results |

Tapia and Marsh (2000) found a four-factor solution from an exploratory factor
anaiysis with maximum likelihood method of extraction and a varimax, orthogonal, rotation.

The names for the factors reported in Tapia and Marsh (2000) were Self-confidence, Value of

8
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.‘ Mafhematiss, Enjoyment of Méthematics, 'apd Motivati'on Based sn that factor analysis, the
' l4'0 ifsms Qem classified into four categories each of whié_h’was represented by a facto'r. A
' compoSits s'core for sach category was caIculated By adding up .a.11 the numbers of ths scaled

responses to the 1tems belonging to that category |

The data were analyzed by using multivariate factorial model with the four factors as
] depéndent variableS' (1) Self-confidence , (2) .Value 3) En_]oyment' and (4) Motlvatlon and
three mdependent variables:.(1) gender, (2) ethnic, and (3) ach1evement in mathematxcs class _
Multxvarlate analysxs of variance (MANOVA) were performed by using SPSS

The linear model was written as, |
SC VAL ENJMOT=G+ETH+ACH + G*ETH +G*ACH + ETH*ACH + G’l*ET-H*ACH
whefe . | | |

SC = Self-confidence

VAL = Value of mathematics

ENJ = Enjoyment of mathematics

MOT = Mdtivation

G = Gender

ETH = Nationality-ethnicity

ACH = Achievement in mathematics class

Data were analyzed testing for interaction effect and main effect at the .05 level. Data
analysis indicated that the three-way interaction eﬁ'ect-of the three variables G*ETH*ACH on
the four dependent variables Self-éonﬁdence, Value, Ehjoyment, and Motivation was
insignificant (Wilks’ Lambda F= .985, p <.51,). Hence, it was concluded that there was not

enough evidence to indicate a three-way multivariate interaction.
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The results also showed that the three two-way interaCtion effect G*ETH, G*ACH, '
"and H*ACH on the four dependent vanables Self-confidence Value, ‘Enjoyment, and
Motlvatlon were all 1n51gmﬁcant Hence, it was concluded that there was not enough ev1dence '

to indicate a two-way mult_xvarlate .m‘_ceractlon. ‘Table 1 shows F, p, and eta squared values for

-_ the interaction effects.

Table 1

Interaction and Main Effects Tests for SC VAL ENJ MOT = G + ETH + ACH + G*ETH +

G*ACH + ETH*ACH + G*ETH*ACH

Effect " Vaue F  Hypothesisdf  Emordf  Sig.  Fta Squared -
ETH 877 2.644 24.000 1658287 000 032
G 973 3244 4,000 475.000 012 .027
'ACH 796 7.021 16000 .. 1451787 .00 .05
ETH*G 939 1254 24.000 1658.287  .184  .016
ETH'ACH 830 986 92,000 1882.602 519 045
G* ACH 953 1.430 16.000 1451.787 119 012
ETH*G*ACH 885 985 60.000 ' 1856.389 509 030

Gender, Ethnicity, and Achievement diﬁ'erences for the four variables were then
tested. The data revealed that the effect of Gender, Ethnicity, and Achievement was
statistically significant. Table 1 showsF, p, and eta squared for main effects. T_he eta squared
values for Gender and Ethnicity had small effect sizes, and the eta squared value fcr

Achievement had a medium effect size. So, it was concluded that there was enough evidence

ERIC 10
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to say to say that there was an effect of the Variables Gender,:,Ethnicity, and Achievendent on ”
the four dependent variahles Selﬁconﬁdence, ,Value, Enjoyment; and Motivation.". T.herefore,

| follow ups were conducted | | | |

Table 2 shows that the effect of variable Gender to the dependent variables Self-
'conﬁdence and Motivation was statlstlcally significant. It was concluded that there was
~ enough evidence to say that there was an eﬁ'ect 'of the vanable .Gender on the vanable Self-
confidence and also on the variable Mot1vat1on. Table 3 descrlbes that boys scored hlgher :
than girls on Self—conﬁdence and on Motlvatlon. | |

Table 2 shows that the effect of variable Ethnicity to the Self- confidence, Value, and

EnJoyment was statlstlcally s1gmﬁcant It was concluded that there was enough ev1dence to
say that there was an effect of the vanable Ethnicity on the varlables Self-conﬁdence Value
- and Enjoyment. Table 4 describes that Mexican students scored significantly hlgher than
American students on Self-confidence, value, and enjoyment. Students with dual citizenship,
students having one American parent, scored higher than Americans on value of mathematics.

Table 3 shows that the effect of Achievement to the four dependent variable was
statistically significant. It Was concluded that there was enough evidence_ to say that there was
an effect of the variable Achievement on the variables Self-conﬁdence, value, enjo).'ment, and
motivation. Table 5 shows A students scoring higher than B, C, D, and F on all four factors.
B students scored higher than C, D, and F students on self-confidence, enjoyment, and .
motivation and higher than F students in Value. C students scored higher than F students on

all four factors. D students scored higher than F students on Self-confidence and enjoyment.

ii



Table 2

- Tests of Bctvvécﬁ-Sub]'ccts Eﬁ'ects

Attitudes Toward Mathematic_é

O T o,

._éohbdtéd using aipha = .05 - .
. R Squared = .964 (Adjusted R Squared = .980)
. R Squared = .978 (Adjusted R Squared = .975)
d. R Squared = .858 (Adjusted R Squared = .953)
e. R Squared = .936 (Adjusted R Squared = .928)

i2

. “Type Il -
Dependent Sum of : Mean _ Eta _
Source Variable - | Squares: df - Square F Sig. ' Squared
Model SELFCONF | 14480055 60 | 24133.41 | 213.719 .000 964
VALUE 799938 .5¢ 60 | 13332.31 | 349.417 .000 © 978
ENJOY 558690.64 60 | 9311.509 | 182.665 .000 . .958
. MOTIV 141058.6° 60 | 2350.977 | 117.360 .000 ~ 936
GENDER - SELFCONF | 483.267 - 1| 483267 4280 . .039 .009
VALUE 108.528 1| 108.528 2.844 | 092 .006
ENJOY 126.038 1| 126.038 2.473 17 -005
|- MOTIV 226.813. 1| 226:813 11.322 -.001 023
ETH SELFCONF | 1743.024 6 | 290.504 2.573 .018 031
VALUE 1171.253 6 | 195.209 5.116 .000 .060
ENJOY '908.134 6| 151.356 2.969 .007 036
MOTIV 125.081 6 20.847 1.041 - .398 013
ACH SELFCONF | 11887.46 4 | 2971.865 26.318 .000 .180
VALUE 1049.063 4 | 262.266 6.874 .000 . .054
ENJOY 2408.761 4 | 602.190. 11.813 ~.000 .090
MOTIV 892.926 4 | 223231 11.144 .000 .085
GENDER SELFCONF | 346.785 6 57.798 512 .800 .006
“ETH  VALUE 426.922 6 71.154 1.865 .085 023
ENJOY  88.105 6 14,684 .288 .943 .004
MOTIV - 61.162 6 10.194 509 .802 .006
GENDER SELFCONF | 210.179 4 52.545 465 761 " .004
*ACH VALUE 109.717 . 4 27.429 719 579 .006
ENJOY 373.759 4 93.440 1.833 121 015
MOTIV . 68.926 4 17.232 .860 488 .007
ETH* SELFCONF | 3736.377 | 23 | 162.451 1.439 .087 .065
ACH VALUE 981.651 23 42680 1.119 .320 .051
ENJOY 1291.705 23 56.161_ 1.102 .339 .050
MOTIV 487.727 ' 23 21.206 1.059 .389.- 048
GENDER  SELFCONF | 2261.026 - 15 | 150.735 1.335 A77 040 -
*ETH* VALUE 763.780 15 50.919 1.334 A77 .040
ACH ENJOY 841.588 15 56.106 1.101 .353 .033.
MOTIV 376.666 15 25.111 1.254 228 .038
Error SELFCONF [ 53976.35 478 | 112.921
VALUE 18238.50 478 38.156
ENJOY 24366.45 478 50.976
MOTIV 9575.405 478 20.032
| Total SELFCONF | 1501981 538 ]
VALUE 818177.0 538
ENJOY 583057.0 538
MOTIV 150634.0 538
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~Table3

' Comparisdn_ of Means by Gendé;

GENDER Self;Conﬁdence . Value Enjoyment . Motivation - -

Boys 52.60 © 3890 3735 16.78.
Girls | 49.43 37.83 . 36.10 15.02
Table 4

Comparison of Meaﬁs by Ethnicity

ETHNICITY ..Self-Conﬁdence Value Enjoyment . ' Motivation
Mexican 53.16 ' 39.80 3248 16.49
American 4857 ' 35.34 2949 - 15.19
Dual-National' . 4926 3846 - 29.59 15.71
Latin American 48.69 36.77 29.33 1556
European 5250 ©39.40 28.33 14.00
Asian 4 50.46 36.36 29.78 1629
Other 47.19 36.73 27.70 14.88
Table 5

Comparison of Means by Achievement

ACHIEVEMENT  Self-Confidence Value Enjoyment Motivation

A 61.07 41.05 3683 18.58
B 53.66 38.70 32.11 | 16.59
C 46.57 3738  27.55 13.66
D 43.22 37.16 2807 1220
F

35.16 33.44 26.63 ' 10.25
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. Conéhxsi(;ns. ' A

The multivariate data analysis indicated that the three way :intefacfion éﬁ‘e_'ct of the
' tl_;_ree v;ariables Gender*Ethniéity*Achievemem to the  four dependent variables Sellfi |
confidence, value, eriqumenf, and motivation was insi.gniﬁcan.t.. The data su_ggested thgt t'lllerei
was not enough evidence to say that tﬁe three .tw§-way interacfion effect, Gendef*Ethniéity,
_lGender*Aéhievement, and Ethm:city"‘-Achieven'lent; on the four dependent 'variables Seif— '
confidence, Value, Enjoyment, and Motivation were au iﬁsigm'ﬁcgmt. Hence, it was concluded
that tﬁere was not enough évidence_to in_dicéte a two-way multivariate intéractiqﬁ. .

There was enoﬁgh evidence to say that there was an cﬁ'eét of the variables,Gendef,
Ethmcny and Achievement on the four dependent variables Self-éon_ﬁd_ence; Vafue,'
Enjoym'ent, and Motivat.ion. Follow. ups indif:ated that there was enoﬁgh evidence to say 'th-at'
there was an effect of the variable Gender on the variable Self-confidence and also on the
variable Motivation, Boys scoring higher than girls on Self-conﬁdencé and on Motivation.
Table 3 describes that boys scored higher than girls on Self-confidence and on Motivation. *

It was concluded that there was enough evidence to say that there was an effect of the
variable Ethnicity on the Yariablés S_elf-conﬁdénce, Valug, and Enjoy.r.nent. Mexican students
scored significantly higher than American studér;ts on Self-confidence, value, and enjoylment.
Students with dual citizenship, students having one American parent, scored higher than
Americans on value of mathematics. | |

There was enough evidence that there was an effect of the variable Achievémgnt on
the variables Self-confidence, valﬁe, enjoyment, and lh;.tiiration. A students scoring higher |
than B, C, D, and F on all four factors. B students scored higher than C, D, and F students on

self-confidence, enjoyment, and motivation and higher than F students in Value. C students
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_ | scored hig‘her.than F students on all four factors. D students scored'higher than F 'students on .
Self- conﬁdence and enjoyment | o

Itis 1mportant to note that the subjects in th1s study were atyplcal because they all
o attended a pnvate school, were from prrvﬂege_d backgrounds, and _ﬁ‘om high s_oclo-economlc_-
families. The school was .pattern'ed on an American high school curricuhim and organization,
.but the majorlty of students were Hlspamc and there were far fewer Anglo and Asian
students. Hlspamcs are usually grouped to gether in most Amencan research studles, but thesev
Hlspamc subjects were comprlsed of three d1ﬁ°erent groups Mex1can, dual-natlonal (meanmg
‘both U.S. and Mexican c1t1zensh1p), and Latm—Amerlcan (ﬁom other countnes in Latm
,Amerlca).. “

| .Applications and‘Implications

Ifa student's self-perceived ahility is critical to success and apredictor of failure or
achievement, then concern about students' attitudes must be elevated; Much more needs to be
learned about how attitudes are formed and al_tered, and the best techniques for interventjon
and stimulation of positrve self-eﬁ"lcacy | Consequently, much more naust first be done in'the
development of valid and reliable instruments to conduct the necessary research. Bandura
(1981) argued that judgments of self-efﬁcacy are task spec1ﬁc, making them better predictors
of success in a particular domain, Therefore, continued research in the area of attitudes toward
math is essential if students are to be understood and attitudes altered. The use of a valid and
reliable instrument for making determinations about attitudes is a requirement for such

research.

15
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